Decaleside II is the novel trisaccharide isolated from the edible roots of Decalepis hamiltonii that belong to a new class of natural insecticides. In the present study we have investigated grain protection potential and persistence activity of Decaleside II against stored-product pests such as Rhyzopertha dominica, Sitophilus oryzae, Tribolium castaneum and Callosobruchus chinensis. Decaleside II usually increased parental mortality and reduced F1 progeny in residual toxicity bioassays. At 7 days of the storage period of treated grains and pulses, the mortality was 100% of all four stored product insects. Both wheat and green gram treated with Decaleside II were totally free from infestation for the longer period of storage up to 210 d. Decaleside II being a natural trisaccharide, does not pose any toxic hazard from the treated grain and the lack of toxicity is attributed to the 1, 4 α linkage of the sugars which are easily hydrolyzed by the digestive enzymes such as glucosidases. Therefore, the insect selectivity and mammalian safety of Decaleside II make them highly suitable for use as novel grain protectants of natural origin.
Introduction
Stored product insect pests are the major cause of grain losses during post harvest storage, particularly in the tropical countries [1] [2] . It is estimated that more than one-third of the food products are lost to various pests during post-harvest storage [3] . For the control of stored grain insects, several insecticides are used mainly fumigants and residual grain protectants. Although fumigants are generally effective, due to the lack of persistence in the treated grain infestation may occur within a few weeks after treatment. Due to extensive use of fumigants, widespread development of resistance has been reported for stored product insects [4] . Although residual grain protectants provide a considerable level of efficacy, there are reports of Sitophilus oryzae, Rhyzopertha dominica and Tribolium castaneum resistant to organophosphates which are commonly used as grain protectants [5] . In view of their health and environmental hazards several chemical pesticides have either been banned or restricted for use in grain protection [4] . There is a need for safer alternatives to conventional chemical insecticides particularly from natural sources, for the protection of grain against insect infestation.
The use of plant products to protect stored grain from insect pest depredation is age-long practice in the world [2] [6] [7] . Essential oils, extracts and its bioactive molecules have been employed greatly in the protection of stored products in many laboratory and field trials [8] - [10] . These essential oils are often used in the control of stored product coleopterans because of their relatively high efficacy against all stages of insects [3] [11] . In many parts world, including India, China and Africa, plant products and its derivatives have been used for grain protection in the small scale [2] . Many of the currently used chemical insecticides such as synthetic pyrethroids were originally derived from the flowers of pyrethrum [12] . Azadirachtin, the active principle from the plant Azadirachta indica (Indian neem), is an insect antifeedant and an insect growth regulator but lacks contact toxicity [13] [14] . Spinosad is a bacterial insecticide, effective against stored product beetle species [15] [16] . At present, there is no effective botanical insecticide to replace pyrethrum for protection of stored grain from insect infestation. Bioinsecticides of plant origin often show selectivity to insect species. They are biodegradable, and have a high chance of acceptability. Therefore, it is considered that plants could be the best source of newer chemical structures for the development of new, eco-friendly, safer insect control agents [8] [17]- [19] .
Recently we have reported a new class of natural insecticides from the edible roots of Decalepis hamiltonii named Decalesides [18] . Decalesides (I & II) are novel trisaccharides that are toxic to various insects and including stored product insects by contact and exhibiting a unique mode of action targeting gustatory sites. Being natural trisaccharides in their chemical nature they could serve as ideal candidates for a grain protectant in view of their eco-friendly structures and mammalian safety aspects. In this study, we have investigated the grain protection potential of Decaleside II against stored-product pests such as Rhyzopertha dominica, Sitophilus oryzae, Tribolium castaneum and Callosobruchus chinensis on infesting wheat (Triticium aestivum) and green gram (Phaseolus aureus Roxb).
Materials and Methods

Insects Rearing
Cultures of rice weevil, Sitophilus oryzae L. Coleoptera: Curculionidae) and lesser grain borer Rhyzopertha dominica F. (Coleoptera: Bostrichidae) were reared on whole wheat (Triticium aestivum) whereas adzuki bean weevil, Callosobruchus chinensis L. (Coleoptera: Bruchidae) were reared on whole green gram (Phaseolus aureus Roxb) and rust red flour beetle Tribolium castaneum L. (Coleoptera: Bostrichidae) were reared on whole wheat flour. Cultures were maintained at 30˚C ± 1˚C and 70% r.h. Adults of S. oryzae, T. castaneum (3 -5 d) and other species (2 -3 d) were used in the experiments. Experiments were carried out in the laboratory and maintained at 27˚C ± 2˚C and 70% ± 5% r.h. [20] .
Decaleside II
Decaleside II, the natural insecticide isolated and characterized from methanol extract of root powder of Decalepis hamiltonii, is natural trisaccharide that is highly toxic to stored grain insect pests by contact exposure [18] .
Insecticidal Effect in Treated Grain
The Decaleside II, (Decaleside dissolved in 2 milliliter methanol) was applied (spiked) to 50 g grain, by mixing to give 10, 25, 50, 75 and 100 milligram per kilogram (mg•kg −1 ). Controls for each set of treatments consisted of grain treated with solvent (methanol) only. 30 unsexed 2 -3-day-old adults of C. chinensis, R. dominica and 3 -5-day-old adults of S. oryzae, were introduced into the glass jars containing the treated or untreated grains. The glass jars were covered with cotton cloths held with rubber bands. The number of dead insects in each jar was counted after 24 h and also after 7 d and the percentage insect mortality was calculated.
Effect of Decaleside II on F1 Progeny
Grains were treated as described and after 7 d, the insects (dead and live) were removed and the grains were stored under the same experimental conditions until the emergence of F1 progeny. Based on the life cycle of the insect species, the counting period of F1 progeny was established so as to avoid an overlap of generations for each species. At weekly intervals, the F1 progeny was recorded for 8 consecutive weeks. Percentage reduction in adult emergence of F1 progeny or inhibition rate (%IR) was calculated as %IR = (Cn -Tn) 100/Cn where, Cn is the number of newly emerged insects in the untreated jar and Tn is the number of insects in the treated jar [20] .
Seed Germination
Wheat and green gram seeds were treated with Decaleside II at 100 and 200 mg•kg −1 and germination tests were done at 1 and 90 d of treatment. Fifty seeds from each treatment were randomly selected from each group and soaked in distilled water for about 30 min, and kept on filter paper (Whatman No. 1) in a petri dish, moistened daily with distilled water and allowed to germinate at room temperature (25˚C ± 2˚C). After 5 d, germinated seeds were counted and percentage germination was calculated [10] .
Statistical Analysis
LC 50 were determined by Probit analysis [21] . The Mortality data were analyzed using one way analysis of variance (ANOVA) (P < 0.05) by a Newman-Keul's multiple range test using Statplus 2007 software and computer program SAS (version 6.12, SAS Institute Inc. Cory, NC, USA).
Results
Insecticidal Effect of Decaleside II on Treating Grains
The insect toxicity of Decaleside II in treating grain was dose-dependent, which increased with duration of exposure. The grain (wheat and green gram) treated with the Decaleside II at the 100 mg•kg −1 80% insect mortality was observed at 24 h (Table 1) , mortality reached 100% mortality at 7 d of exposure for all the insects ( Table  2) .
Effect of Decaleside II on F1 Progeny
Dose-dependent reduction in F1 progeny of all the insects in the treated grain was seen and the progeny was completely suppressed at the highest dosage ( Table 3) . Both wheat and green gram treated with Decaleside II was totally free from infestation for longer duration of storage up to 210 d (Figure 1). 
Seed Germination
Percentage germination of seed in 100 and 200 mg•kg −1 treatments ranged from 92.8% in the control to 91.1% in the Decaleside II treated wheat grain whereas, in green gram, it ranged from 98% in the control group to 97% in the case of Decaleside II (Figure 2 ). The differences in germination between the control and treated grains were not significant.
Discussion
Many natural compounds have often been used for crop and food protection. The use of botanicals for the management of the stored grain insect pests is socio economically, and ecofriendlly important [19] [22] . Plant extracts, oils and bioactive molecules may have an important role to play in the preservation of food grains against stored grain insect pests. Earlier studies have reported that, in general, the toxicity of extracts or essential oils isolated from plant samples against stored grain pests related to their major components [8] Spinosad, a bacterial insecticide, at 1 mg /kg showed a potent grain protectant against R. dominica and T. castaneum [15] . However, spinosad degrades under sunlight and loses its activity [24] . The rhizomes of Acorus calamus and the active ingredient (β-asarone) have been investigated for their insecticidal properties but the effort to develop β-asarone as an insecticide received a severe setback with discovery of its mutagenic effect [25] . The seeds of Azadirachta indica have been reported show insecticidal activity against a variety of insect species and, azadirachtin, the active principle, and exhibits insect antifeedant, moult inhibiting and anti-gonadotropic effects in insects [14] [26]. However, its bitter taste and lack of contact toxicity restricts its use and unsuited on stored-products meant for human consumption. We have investigated the insecticidal activity, grain protection potential of Decaleside II against four stored-product insects infesting wheat and green gram. Decaleside II was effective grain protectant.
In this study, we have shown that Decaleside II is an effective grain protectant. Our results showed that the stored product insects (R. dominica, S. oryzae, T. castaneum and C. chinensis) were killed in treated grain (10 -100 mg•kg −1 ) at 24 h exposure, and the mortality was dose-dependent. The number of adults that emerged from the treated grain after 7 weeks of storage was also dose-dependent (10 -100 mg•kg −1 ) as seen in the reduction of F1 progeny. The observed protection of the treated grain from infestation could be due to contact toxicity to adults as well as the larvicidal effect, since adult the emergence was absent in treated grain. Our study shows that the Decaleside II could be effective grain protectant which acts by killing various life stages of stored grain insect pests and total suppression of emergence of progeny in treated grain. The treated grains were totally free from infestation even up to two years of storage, which showed their residual efficacy in the grain protection potential.
The treatment of the grain (wheat and green gram) with Decaleside II did not show any adverse effect on germination even after 90 days of storage. The tuberous roots of D. hamiltonii have been consumed by man for centuries; there is no report of adverse effects on human health. Earlier studies of roots extracts of D. hamiltonii have shown no mammalian toxicity in rats in a 90 days study [27] . However, the structure of Decaleside II shows that they are trisaccharides with 1 -4 linkage. Their lack of toxicity is attributed to the 1, 4 α linkage of the sugars which are easily hydrolyzed by the digestive enzymes such as glucosidases. Starch and glycogen sugars present in food, which also contain 1 -4 α linkage are also broken down by the enzymes in the body, and therefore, readily digested. Since, Decaleside II is trisaccharide, it does not pose any toxic hazard from the treated grain. Therefore, the insect selectivity and mammalian safety of Decaleside II makes them highly suitable for use as novel grain protectants of natural origin.
Conclusion
In summary of this work we have evaluated the grain protection potential of Decaleside II in wheat and green gram. Since Decaleside II is the novel natural insecticide compound and it does not pose any toxic hazard from the treated grain. Therefore, Decaleside II could be considered an ideal grain protectant from the point of view of seed viability and safety to mammals.
